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Introduction
A tall building has an important function in relation to public services, state administration, telecommunication, center of business, etc. When earthquake occurs, the status of the building damage index should be determined to find out whether that building could be reoccupy. According to the Federal Emergency Management Agency (FEMA) 356 [1] , the performance of the building structure consists of three categories; (a) Collapse Prevention (CP) or total damage level, (b) Life Safety (LS) or moderate/partial damage level, and (c) Immediate Occupancy (IO) or safety level. Damage index of building can be defined as a reference of building stability using structural analysis method. Acceleration data gathered from accelerometer are computed based on the equation of FEM and it carries out the damage index. Since the collection of data from the accelerometer normally takes a long time, it triggers an idea to develop an intelligent monitoring system which would allow data collection from the accelerometer and prediction of the damage index to be carried out rapidly and accurately.
The application of artificial intelligent on civil engineering field has been performed in relation to building/structure [5] , [12] , [13] , [14] management and control [2] , [3] , [10] , [13] , disaster [6] , [7] and earthquake [4] , [8] , [9] . Mostly, the algorithm utilized in the training process is back propagation or otherwise, radial basis is used by [5] in the research of reducing earthquake effects on nonlinear base isolated building. The implementation of ANN results in the prediction rate of over 96 % [2] and 98 % [3] , [13] . This indicates that ANN is feasible and reliable to be applied as intelligent engine for prediction in civil engineering fields. This research will also utilize ANN in other case study on the prediction of building condition after an earthquake event that is enhanced with monitoring and alert system. The aim of this research is to develop an intelligent monitoring for prediction the building damage index due to an earthquake. This paper is organized as follows; Chapter 2 explains the overview of damage index of building structure. Chapter 3 describes the proposed BP-ANN Architecture while Chapter 4 discusses the research methodology used in this research. Design and development of intelligent monitoring is explained in Chapter 5. Furthermore the results and discussion are described in chapter 6 and concluded thereafter. 
Damage Index of Building Structure
Damage index of building structure based on structural performance levels in FEMA 356 [1] . Each level has a wide range which can be defined by individual building owners. In the system, IO, LS and CP are denoted by index 1, 2 and 3 respectively. The structural performance levels criteria of concrete and steel element of building are shown in Table 1 below.
Structural performance levels are the indicator to explain the damage of structure element in post-earthquake evaluation. In the structure monitoring, the indicator is shown as alert or warning system.
Proposed BP-ANN Architecture
The intelligent monitoring uses Back-Propagation Artificial Neural Network (BP-ANN) to predict the building damage index. An architecture has been proposed in the previous research which consists of three layers involving input, hidden, and output layer as shown in Figure 1 . Input layer involves 16 input cells that fetch data from the accelerometer, whereas hidden layer comprises of 32 cells/neurons connected to all outputs of the input cells. In output layer, 1 neuron is provided where its input connects to all outputs of the hidden cells. 
Where sigmoid function (݂) is shown in equation (2):
The error of output cell can be determined as follows:
Hidden cell:
Mean-squared error (MSE): ߩ: learning rate Furthermore, the ANN architecture was trained and tested using the following steps: (a) Simulating the earthquake occurred in such building to get the accelerometer and damage index data using Finite Element Software Analysis. (b) Splitting the data into training and testing. (c) Training the ANN using the data shown in Table 2 . This process is iterated up to 1000 times with ߩ is 0.1.
(d) Testing the ANN with the data explained in Table 3 . (e) Save the weights to text file as the initial weight value for intelligent monitoring software. Based on the experiment conducted in previous research, the result of MSE obtained is 1.6 E-10 and the rate of prediction = 92%. Hence, the BP-ANN architecture is ready to be applied as an intelligent machine of building damage index monitoring system.
Research Methodology
To achieve the aim, this research is conducted in several steps depicted in Figure 2 . The steps are explained as follows: (a) Designing ANN architecture including simulating the building damage index due to an earthquake, training and testing ANN, and obtaining the initial weights. Figure 2 shows the research methodology used in this study. Designing the ANN architecture is the core of prediction engine to determine the building damage index based on the fetched data from accelerometer. The architecture consists of 16 input cells, 32 hidden cells, and 1 output cell. The training and testing result [16] indicate that the ANN could predict the building damage index with the accuracy rate of up to 92%. The second step is designing and developing the intelligent monitoring software utilizing VB.NET. The software scope is defined to handle the following tasks; collecting the inputs from accelerometer, feeding forward the inputs to ANN, predicting the output as building damage index, and providing the alert if the result is LS or CP. To test and validate the software, the sample data, including three outputs; IO, LS, and CP are tested and the software has to show the input data in number and line chart, and the notification in text, color bar, and email alert. The last step is evaluation stage that collects the lacks of software found by the user and makes the necessary correction.
Design of Intelligent Monitoring
Building intelligent monitoring has a main function on the prediction of damage index when an earthquake occurred. Several components/modules that supported the main function include data acquisition module, intelligent engine module, alert system module, and monitoring module. The framework is illustrated in Figure 3 . The acceleration signals from many sensors are gathered in the data acquisition module. This module converts the electric signal fetched from sensor to the digital data that can be processed by the software into different data format transferred to intelligent engine and monitoring module. Data acquisition includes timestamp, acceleration data X, Y, and Z direction. -Intelligent Engine: The prediction of building damage index is determined by inserting the acceleration data from data acquisition module to the input of intelligent engine. The core of this engine is the ANN that has 92% prediction rate through the training and testing process in the previous research [ ]. All of the input data should be normalized before feeding forward to the ANN. The prediction output is presented in three levels namely IO (safe), LS (moderate safe), and CP (total damage).
Monitoring: The acceleration data from data acquisition are shown in the monitoring screen. It enables the user to see the progress of reading data from the sensors. In this module the acceleration data are presented in line chart and numeric value. -Alert System: When the prediction output indicated to LS and CP, alert system notifies the user that the condition of the building is not secure. The alerts are provided into three formats namely alert bars showing in different color (IO: green, LS:orange, and CP:Red), alert sound/alarm, and alert-mail sending to the user.
The modules that are mentioned above are developed utilizing VB.NET provided in two versions involving local and remote monitoring. The local monitoring is located in the building whereas the remote monitoring accesses the data from any places via internet. HTTP server is utilized to provide the remote data that has a script converting acceleration data to HTML format. The illustration of the two accessed methods is shown in Figure 4 . specific points, generally located in the basement, middle, and roof of building. Data emerging from sensors are fetched by data acquisition module. Furthermore, the local server normalizes the acceleration data and carries out the prediction. Remote client is able to monitor the acceleration data using remote monitoring software that has the similar function with local server including intelligent engine, alert system and monitoring. The client can obtain the remote data from the server which could also convert acceleration data to HTML format.
Result and Analysis
The developed intelligent monitoring is tested with two types of data namely dummy and real data. The dummy data shown in Table 4 is the sample data obtained from the learning data that contains three outputs in IO, LS, and CP. The real data comes out from the sensors that represent the building acceleration either due to an earthquake or not. 
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The test carried out using dummy data indicates that the developed intelligent monitoring could perform its functionalities including monitoring, predicting, and alerting. To validate the testing result in order to deal with the functionalities, the check list method is used that describes the value of inputs and the behaviour of the software. Table 5 shows the testing result of its functionalities.
Based on the result shown in Table 5 , the monitoring has successfully displayed all of the input data in numeric value and line chart. The alert system has triggered the alert bar, sound and mail if the output prediction goes to LS and CP. The results indicate that the functionalities of the intelligent monitoring have met system requirements. The real data have been tested too, but the output prediction always goes to IO/safe since there is no earthquake event occurrence when the testing was done.
Conclusion
This paper has described the intelligent monitoring to predict the building damage index using artificial neural network. The work has been done involving designing the ANN architecture including its learning and testing, designing and developing the intelligent monitoring software in two versions; local and remote monitoring, and testing and validating. According to the result, the developed software could predict the acceleration data and trigger the alert system if the output indicates to moderate safe (LS) and total damage (CP). Applying the system will help the user to determine the building status whenever an earth quake occurred.
